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Background: Duplex ultrasound imaging of the mesenteric vessels is often used as a ﬁrst diagnostic tool to evaluate the
mesenteric circulation in patients with unexplained chronic abdominal symptoms. Several studies on duplex criteria have
been published; however, most studies are small and included not exclusively patients with symptoms suggestive of
chronic mesenteric syndrome (CMS). This study evaluated the contribution of respiration-monitored duplex ultrasound
imaging in the diagnosis of stenosis or occlusion of the mesenteric arteries in patients suspected of CMS and thereby
improves the deﬁnition of the criteria for stenosis.
Methods: Between 1999 and 2007, 779 consecutive patients presented to our tertiary referral center for evaluation
and treatment of CMS. Mesenteric artery duplex ultrasound imaging and angiography of the abdominal aorta and
its branches were performed in 324 patients. Angiography was considered the gold standard for verifying the presence
or absence of arterial pathology. Results from duplex imaging and angiography were compared to determine the
optimal duplex criteria for stenosis. In addition, the contribution of expiration and inspiration on duplex imaging and
angiography were established.
Results: Signiﬁcantly higher peak systolic and end-diastolic velocities were found in the celiac artery (CA) and superior
mesenteric artery (SMA) during expiration than during inspiration. Receiver operating characteristic curve analyses found
respiration-dependent cutoff values for CA and SMA stenosis. The values corresponding with the highest accuracy
(minimal false-negative and false-positive results) were determined. Peak systolic velocities cutoff points during expiration
and inspiration were 280 and 272 cm/s, respectively, for the CA and 268 and 205 cm/s for the SMA. The end-diastolic
velocity cutoff points during expiration and inspiration were 57 and 84 cm/s, respectively, for the CA and 101 and
52 cm/s for the SMA. Sensitivity for different duplex parameters in detecting mesenteric stenosis was 66% to 78% and
speciﬁcity was 77% to 86%.
Conclusions: This study proposes new criteria related to respiration for duplex ultrasound imaging of the mesenteric
arteries in patients with symptoms suggestive of CMS. It emphasizes the importance of taking into account the effect of
respiration on duplex parameters. The lower sensitivity and speciﬁcity in our study compared with other studies puts into
perspective the position of duplex imaging in the work-up of patients with suspected CMS. Duplex results should be used
as a guide, with a low threshold giving a higher negative predictive value and, consequently, a lower positive predictive
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://dx.doi.org/10.1016/j.jvs.2012.11.120The diagnosis of chronic mesenteric syndrome (CMS)
may be deﬁned as abdominal symptoms combined with
occlusive disease of the mesenteric arteries in the absence
of any other, more common, explanation of the symp-
toms.1,2 Chronic mesenteric disease (CMD) differs from
CMS in that mesenteric artery stenoses are present but
asymptomatic. It is particularly common in patients with
atherosclerosis that in at least one of the mesenteric artery
origins, there is a stenosis of >50%, with ranges from 10%
to 24% in autopsy and angiography studies.3,4 Well-
developed collateral circulation is the most likely reason
for the absence of CMS in most patients with CMD.
However, it is important to remember that up to 86% of
patients with signiﬁcant three-vessel disease may progress
from asymptomatic to symptomatic with a risk of visceral
infarction and even death as a result.4,5
Because of its noninvasive nature, duplex ultrasound
imaging of the celiac artery (CA) and superior mesenteric1603
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Fig 1. Flow diagram of included patients and subgroups. CA, Celiac artery; CMS, chronic mesenteric syndrome; SMA,
superior mesenteric artery.
Table I. Interpretability of splanchnic duplex ultrasound
imaging in 324 patients suspected of having chronic
mesenteric syndrome (CMS)
Duplex
Interpretability, No. (%)
Total, No.Good Moderate Not
CA
Expiration 213 (66) 36 (11) 75 (23) 324
Inspiration 221 (68) 45 (14) 57 (18) 323
SMA
Expiration 213 (66) 48 (15) 63 (19) 324
Inspiration 218 (67) 59 (18) 47 (15) 324
CA, Celiac artery; SMA, superior mesenteric artery.
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assess inﬂow of the CA and SMA. Peak systolic velocity
(PSV) and end-diastolic velocity (EDV) are commonly
used as parameters to determine stenosis. Multiplane
abdominal angiography is considered the traditional gold
standard to assess mesenteric artery anatomy, but
computed tomography (CT) angiography and magnetic
resonance angiography are also frequently used.
Criteria for duplex assessments of the mesenteric
arteries are largely based on studies with angiography in
patients without suspicion of having CMS. Consequently,
the validity of the proposed PSV and EDV cutoff points
could be challenged for patients suspected of having
CMS. To date, 11 studies6-16 from eight institutions have
compared mesenteric duplex results with angiography.
The number of patients with suspected CMS was small in
most studies, except for one recently published larger study
from AbuRhama et al.16 The interpretability of duplex
results is not always described extensively. It is well known
that expiration and inspiration may affect the ﬂow velocity
in the CA; however, none of the previous studies eluci-
dated the inﬂuence of respiration on the mesenteric artery
duplex parameters.In the present study in patients with suspected CMS,
duplex criteria for stenosis of the origin of the CA and
SMA during expiration and inspiration were determined
by comparing duplex ultrasound results with multiplane
abdominal angiography taken as a gold standard. The inten-
tion of this study was to determine optimal respiration-
dependent duplex parameters for determination of stenosis
in the CA or SMA in patients suspected of having CMS.
Table II. Splanchnic artery duplex parameters and grade of stenoses in patients suspected of chronic mesenteric
syndrome (CMS) with good interpretable duplex assessments
Duplex Normal <10%
Grade of stenosis during inspiration or expiration (angiography)
Occlusion10% to <50% 50% to <70% 70% to 99%
CA
Expiration
PSV, cm/s 196 6 13 (64) 225 6 16 (37) 276 6 21 (23)a 330 6 16 (76)a,b 13
EDV, cm/s 62 6 7 (64) 73 6 6 (37) 103 6 11 (23)a 128 6 10 (76)a,b
Inspiration
PSV, cm/s 197 6 16 (74) 229 6 11 (62) 245 6 17 (30) 342 6 26 (41)a,b,c 11
EDV, cm/s 55 6 5 (74) 73 6 6 (62) 69 6 7 (30) 140 6 18 (42)a,b,c
SMA
Expiration
PSV, cm/s 175 6 6 (176) 230 6 34 (11) 303 6 38 (5)a 366 6 49 (11)a,b 15
EDV, cm/s 34 6 2 (174) 43 6 8 (10) 91 6 24 (5)a 125 6 33 (11)a,b
Inspiration
PSV, cm/s 148 6 5 (181) 225 6 33 (12)a 297 6 153 (2)a 331 6 37 (13)a,b 15
EDV, cm/s 29 6 2 (178) 50 6 11 (11) 80 6 59 (2) 106 6 21 (13)a,b
CA, Celiac artery; EDV, end-diastolic velocity; PSV, peak systolic velocity; SMA, superior mesenteric artery.
Data are shown as mean 6 standard error of the mean; values in parentheses are number of patients. Analysis of variance Tukey post hoc P < .05.
aCompared with normal.
bCompared with 10% to <50%.
cCompared with 50% to <70%.
Table III. Comparison of duplexa inspiration and expiration peak systolic velocities (PSV) and end-diastolic velocities
(EDV) in patients with and without splanchnic artery stenoses
Duplex
Stenoses
Occlusionb 100%<50% $50% <70% $70%
PSV, cm/s
CA
Expiration 203 6 10 (94) 313 6 13 (106) 217 6 10 (116) 322 6 16 (84) 9
Inspiration 185 6 10 (94) 278 6 13 (106) 194 6 9 (116) 291 6 15 (84) 10
P <.05 <.005 <.005 <.05
SMA
Expiration 177 6 6 (186) 307 6 28 (19) 181 6 6 (191) 308 6 36 (14) 7
Inspiration 153 6 5 (186) 278 6 33 (19) 155 6 5 (191) 286 6 38 (14) 7
P <.0005 .214 <.0005 .411
EDV, cm/s
CA
Expiration 65 6 5 (94) 119 6 8 (105) 71 6 5 (116) 124 6 9 (83) 9
Inspiration 53 6 4 (94) 95 6 7 (105) 55 6 4 (116) 103 6 9 (83) 9
P <.005 <.0005 <.0005 <.01
SMA
Expiration 35 6 2 (183) 90 6 15 (18) 36 6 2 (188) 90 6 19 (13) 6
Inspiration 29 6 2 (183) 88 6 17 (18) 30 6 2 (188) 95 6 21 (13) 6
P <.0005 .792 <.0005 .618
CA, Celiac artery; SMA, superior mesenteric artery.
Values are mean 6 standard error of the mean, and values in parentheses are number of patients. Paired t-test between inspiration and expiration velocity.
aDuplex good interpretable results.
bValues are number of patients with occlusion on duplex.
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During the period from 1999 to 2007, 779 consec-
utive patients presented to our tertiary referral center
for evaluation and possible treatment of CMS (Fig 1).
The study excluded patients with previous intervent-
ions of the mesenteric vasculature, patients with angio-
graphy (without expiration and inspiration phase) fromreferring hospitals, and nonelective patients, leaving
672 patients for further analysis. Mesenteric artery
duplex ultrasound imaging was performed in 531
patients with clinical suspicion of CMS. The clinical
symptoms were evaluated by a multidisciplinary group,
including a gastroenterologist and a vascular surgeon,
as previously reported.17
Table IV. Duplex criteria for splanchnic artery stenoses in this study and in the literature
First author Year Patients, No. % CMS, No. (%) Deﬁnition of stenosis, % % Stenosis CA/SMA
Moneta6 1991 34 (þ8 n) 4/34 (13) 70 35/29
Bowersox8 1991 24 23/24 (96) 50 63/46
Moneta7 1993 100 13/100 (13) 70 24/14
Volteas9 1993 24 (þ20 n) 2/24 (8) 50 46/25
Harward12 1993 38 26/38 (68) 50 68/39
Gentile11 1995 80 (þ25 n) 0/80 (0) 70 -/11
Perko5 1997 39 39/39 (100) 50 44/28
Zwolak4 1998 46 46/46 (100) 50 59/46
Lim13 1999 32 (þ50 n) 32/32 (100) 70 38/44
Blebea10 2002 17 2/17 (17) 70 29/12
AbuRahma14 2012 153 153/153 (100) 50 70/56
70 41/36
Present study 2012 324 324/324 (100) 70 45/15
CA, Celiac artery; CMS, chronic mesenteric syndrome; EDV, end-diastolic velocity; n, normal;NPV, negative predictive value; PPV, positive predictive value; PSV,
peak systolic artery; SMA, superior mesenteric artery.
aCombined sensitivity and speciﬁcity were determined for all mesenteric vessels.
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mesenteric angiography was performed. Multiplane angi-
ography of the abdominal aorta and mesenteric arteries
was performed in 324 of the 531 patients, including 221
women (68%) and 103 men (32%). Patients were a mean
age of 51 years (range, 13-88 years). Only patients with
good interpretability of the origin of the CA or the SMA
on appropriate mesenteric artery angiography were
included in the receiver operating characteristic (ROC)
curve analysis (Table I).
Abdominal angiography. Multiplane intra-arterial
digital subtraction angiography of the abdominal aorta and
its branches enabled multiple oblique projections of the
abdominal aorta and of the origin and outﬂow of the
mesenteric arteries during injection of 30 to 40 mL of
contrast medium. Angiography was performed during
maximum expiration and inspiration phases of respiration.
The luminal ﬁlling of the abdominal aorta, the CA, and the
SMA were measured. The degree of stenosis was calculatedas the nearest normal vessel diameter (A) minus the nar-
rowest vessel diameter (B) divided by the nearest normal
vessel diameter (A). The stenosis expressed as a percent-
age ((AB)/A)  100 was used as the gold standard.
The degree of stenosis on angiography during expiration
and inspiration was determined retrospectively and inde-
pendently by an interventional radiologist (A.B.H.) and a
vascular surgeon (R.H.G.) who were blinded to patient
symptoms and the results of the duplex ultrasound assess-
ment. When discrepancies occurred between the two obs-
ervers, results were compared and a consensus was reached.
Duplex ultrasound imaging. Duplex imaging was
performed by registered vascular technologists with exten-
sive experience, supervised by a vascular surgeon or radiol-
ogist. Patients were scanned using a 3.5-MHz convex
sector probe after fasting 6 hours to prevent postprandial
ﬂow changes.11,13,18 The duplex examinations were per-
formed by experienced operators who were blinded to any
angiographic results. The transabdominal duplex imaging
% Duplex CA/SMA % Interpretability good/moderate/not Criteria Sensitivity/speciﬁcity PPV/NPV
100/94 ? CA: PSV $200 cm/s 0.75/0.89 85/80
SMA: PSV $275 cm/s 0.89/0.92 80/96
58/92 ? SMA: PSV $300 cm/s 0.63/1.0
SMA: EDV $45 cm/s 1.0/0.92
83/93 ? CA: PSV $200 cm/s 0.87/0.80 63/94
SMA: PSV $275 cm/s 0.92/0.96 80/99
75/46 ? CA: PSV $225 cm/s >0.8
SMA: PSV $200 cm/s >0.8
100/100 45/37/18 CA: PSF $4.0 kHz 1.0/0.88 97/100
CA: EDF $1.2 kHz 0.91/0.88 95/78
SMA: PSF $4.5 kHz 0.96/0.92 96/92
SMA: EDF $0.4 kHz 1.0/0.82 87/100
? ? SMA: PSV $275 cm/s 0.89/0.97 99/96
90/100 ? CA: PSV $200 cm/s 0.94/0.94 94/94
CA: EDV $100 cm/s 1.0/1.0 100/100
SMA: PSV $275 cm/s 0.93/0.80 93/80
SMA: EDV $70 cm/s 1.0/1.0 100/100
96/98 ? CA: PSV $200 cm/s 0.93/0.94 96/88
CA: EDV $55 cm/s 0.93/1.0 100/89
SMA: PSV $300 cm/s 0.60/1.0 100/73
SMA: EDV $45 cm/s 0.90/0.91 90/91
98 ? CA: PSV $200 cm/s 1.00/0.87 57/100
SMA: PSV $275 cm/s 1.00/0.98 93/100
88/100 ? CA: PSV $200 cm/s 0.55/0.79a
SMA: PSV $275 cm/s 0.55/0.79a
90/91 ? CA: PSV $240 cm/s 0.87/0.83 93/72
SMA: PSV $295 cm/s 0.87/0.89 91/84
CA: PSV $320 cm/s 0.80/0.89 84/86
SMA: PSV $400 cm/s 0.72/0.93 84/85
ex 77/81 72/22/6 CA: ex PSV $205 cm/s 0.82/0.56 57/81
in 82/86 CA: in PSV $182 cm/s 0.83/0.47 33/90
CA: ex EDV $57 cm/s 0.83/0.56 57/82
CA: in EDV $39 cm/s 0.83/0.32 28/86
SMA: ex PSV $220 cm/s 0.85/0.75 26/98
SMA: in PSV $169 cm/s 0.87/0.72 27/98
SMA: ex EDV $42 cm/s 0.84/0.76 26/98
SMA: in EDV $34 cm/s 0.83/0.76 29/97
Table IV. Continued.
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previously.2 The duplex B-mode visualization was classiﬁed
as good (origin CA and SMA clearly and visualized without
any doubt), moderate (origin CA or SMA, or both, iden-
tiﬁable with minor doubt), or poor (origin of CA and SMA
not identiﬁable).
Doppler measurements were made with a sample size
of 5 mm. Velocity measurements were taken with the
smallest, most accurate, ﬂow-to-beam angle possible. No
measurements were accepted if the angle was >60.
Doppler samples were taken during the maximum expira-
tion and inspiration phases of respiration. PSV and EDV
of the CA and SMA were determined. No ﬂow signal
with the sample volume clearly taken in the center of the
vessel was diagnosed as occlusion. The ﬁndings were docu-
mented in written standard case record forms.
Data management and statistical analysis. Interpret-
ability of the duplex and angiography investigations was
documented and categorized as good, moderate, andpoor. Stenoses determined by angiography were catego-
rized as luminal narrowing of 0% to <10%, 10%
to <50%, 50% to <70%, and 70% to 99%, and occlusion.
Data are expressed as mean and standard error of the
mean. Bee swarm plots were produced with mean and
95% conﬁdence intervals. In cases of occlusion and no
ﬂow signal, data were excluded from analysis of the mean
values. Duplex parameters were set as maximum for
ROC curve analysis in cases of no ﬂow signal.
Analysis of variance with post hoc Tukey was used for
comparison between the groups with different grades of
stenosis. Angiography was compared with duplex parame-
ters separately for expiration and inspiration measurements.
A paired Student t-test was used for comparison of
respiratory-dependent duplex parameters within groups.
For comparison of the effect of respiration on duplex
velocity within the different groups, angiographic stenosis
was deﬁned as stenosis independent of expiration or inspi-
ration. The interpretability of duplex and sex was assessed
JOURNAL OF VASCULAR SURGERY
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(SPSS, Chicago, Ill) and GraphPad Prism software (Graph-
Pad Software Inc, San Diego, Calif). Statistical signiﬁcance
was assumed for P < .05.
PSV and EDV were compared with the gold standard
(angiography) using ROC curve analysis. Sensitivity, spec-
iﬁcity, positive predictive values (PPV) and negative predic-
tive values (NPV), and positive and negative likelihood
ratios were calculated for the different cutoff points of
the velocities (PSV/EDV).
RESULTS
Angiography. Duplex ultrasound imaging and angi-
ography of the mesenteric arteries were both performed
in 324 patients with suspected CMS. The CA in one
patient could not be interpreted during inspiration.
Normal angiographic ﬁndings in the CA and SMA were
found in 63 patients (19%). Stenosis of $50% and $70%
in the CA and the SMA were found in 40 (12%) and 33
(10%) patients, respectively.
When determining the CA and SMA separately, the
CA revealed a stenosis of $50% in 174 of 324 arteries
(54%) during expiration and in 124 of 323 arteries (38%)
during inspiration. For a stenosis of $70%, the numbers
were 138 (43%) and 89 (28%), respectively. SMA stenosis
of $50% or more was observed on angiography in 54 of
324 arteries (17%) during expiration and in 51 arteries
(16%) during inspiration. For a stenosis of $70%, these
numbers were 48 (15%) during expiration and 48 (15%)
during inspiration (Fig 1).
Duplex interpretability. Interpretability of duplex
results during expiration and inspiration for the CA and
the SMA varied between good (66% to 68%), moderate
(11% to 18%), and poor (15% to 23%; Table I). Inter-
pretability of duplex imaging was much better in women
than in men, with good interpretability obtained in 81% of
women compared with 53% in men (P < .0005). When
duplex imaging was not interpretable, the percentage of
angiographically proven occlusion was higher (19%)
compared with moderate (10%) and good (6%) duplex
interpretability. This was more pronounced in duplex
assessments of the CA than SMA.
Grade of stenosis, respiration, and duplex velocity.
The PSV and EDV of the CA and SMA were signiﬁcantly
increased with an increase of the grade of stenosis
(Table II). Only duplex data of good interpretability
were used for analysis. Duplex data for expiration and
inspiration were available in >90% of the patients with an
ultrasound assessment of good interpretability. In patients
with and without CA stenosis, respiration inﬂuenced PSV
and EDV. Both were signiﬁcantly higher during expiration
compared with inspiration. This effect was also found in the
SMA without stenosis (Table III). Individual data of
duplex assessments of good interpretability are shown in
bee swarm plots (occlusions were excluded). PSV and EDV
values are shown for the CA (Supplementary Figs 1 and 2,
online only) and SMA (Supplementary Figs 3 and 4, online
only).ROC analysis of the CA and SMA. ROC analysis was
performed for 70% and 50% stenosis in the mesenteric
arteries. ROC tables have been produced (Supplementary
Tables I-IV, online only) with suggested cutoff points
(Table IV). Results for 70% stenosis are summarized in Figs
2 to 5.
The area under the curve (AUC) of SMA 70% was
comparable for PSV (expiration 0.862; inspiration,
0.876) and EDV (expiration, 0.876; inspiration, 0.878).
For the CA, a slightly greater AUC was found for PSV
(expiration, 0.753; inspiration, 0.764) than for EDV (expi-
ration, 0.737; inspiration, 0.752); however, this was not
signiﬁcant. No signiﬁcant difference was found in AUCs
between expiration and inspiration.
The highest accuracy (73%) for CA 70% stenosis during
expiration was found at a PSV of 280 cm/s, with a sensi-
tivity of 66% and speciﬁcity of 77%. The highest accuracy
during inspiration was 76% at a PSV of 272 cm/s with
a sensitivity of 72% and speciﬁcity of 77%. For SMA 70%
stenosis, the highest accuracy (85%) during expiration
was found at a PSV of 268 cm/s and produced a sensitivity
of 75% and a speciﬁcity of 86%. The highest accuracy
during inspiration was 80% at a PSV of 205 cm/s with
a sensitivity of 78% and speciﬁcity of 84%.
DISCUSSION
This study provides more insight into duplex parame-
ters in assessing the patency of CA and SMA origin stenosis
in a cohort of 324 patients with chronic abdominal symp-
toms. Although CMS was suspected in all our patients
andmore common causes of abdominal pain were excluded,
an angiographically normal inﬂow of the CA and SMA was
found in 19% of this cohort, 20% had a stenosis <50%, and
10% had a stenosis between 50% and 70% in CA or the SMA
origin. These ﬁndings emphasize the difﬁculty in diagnosing
CMS, even in a tertiary referral center with extensive expe-
rience with CMS. This underlines the prerequisite of a func-
tion test, such as gastric exercise tonometry, to link
a patient’s symptoms to the patient’s anatomy.19
On angiography, CA stenosis of $70% was found in
43% of patients during expiration and in 28% during inspi-
ration. SMA stenoses of $70% were found in 15% of the
patients during expiration and inspiration.
An important observation was the respiration-
dependent PSV and EDV observed in both the CA and
SMA. Velocity was signiﬁcantly higher during expiration
than during inspiration. This effect was also observed in
cutoff points obtained with ROC curve analysis. The
present study demonstrates that duplex reports of the
mesenteric arteries should distinguish both phases of respi-
ration. Although the effect of respiration was not investi-
gated in previous studies, most vascular laboratories are
likely using the highest measured PSV during expiration
or inspiration. ROC curve analysis provided cutoff points
that can be chosen according to the desired NPV. Cutoff
values can be chosen by using values corresponding with
the highest accuracy, with minimal false-negative and
false-positive results. For the CA PSV cutoff points during
Fig 2. Receiver operating characteristic (ROC) curve comparing
the peak systolic velocities (PSV) for the celiac artery (CA) with
a 70% stenosis during expiration is shown. The ROC curve is
created by plotting the percentage of actual positives, which are
correctly identiﬁed as such (sensitivity) against the percentage of
negatives, which are correctly identiﬁed (speciﬁcity), at several PSV
threshold settings. AUC, Area under the curve; EDV, end-diastolic
velocity.
Fig 3. Receiver operating characteristic (ROC) curve comparing
the peak systolic velocities (PSV) for the celiac artery (CA) with
a 70% stenosis during inspiration is shown. AUC, Area under the
curve; EDV, end-diastolic velocity.
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respectively. PPV and NPV are 68% and 76%, respectively,
for expiration and 50% and 90% for inspiration. For the
SMA, these values are 268 and 205 cm/s. PPV and NPV
are 35% and 97%, respectively, for expiration and 37%
and 97% for inspiration. EDV cutoff points for the CA
during expiration and inspiration are 57 and 84 cm/s,
respectively. PPV and NPV are 57% and 82%, respectively,
for expiration and 52% and 88% for inspiration. These
values for the SMA are 101 and 52 cm/s. PPV and NPV
are 67% and 97%, respectively, for expiration and 56%
and 97% for inspiration. Sensitivity for different duplex
parameters in detecting mesenteric stenosis varied between
66% and 78% and speciﬁcity between 77% and 86%.
When using duplex as a ﬁrst screening tool for patients
suspected of having CMS, we prefer to use a relatively high
NPV.We propose PSV cutoff points for the CA during expi-
ration at 205 cm/s (PPV, 57%; NPV, 81%) and inspiration
at 182 cm/s (PPV, 33%; NPV, 90%). These values for
the SMA are 220 cm/s (PPV, 26%; NPV, 98%) during
expiration and 169 cm/s (PPV, 27%; NPV, 98%) during
inspiration. Other cutoff points with their NPVs and PPVs
are provided in Supplementary Tables I-IV (online only).
To date, 11 studies including 587 patients have been
published on duplex criteria to establish degree of stenosisin mesenteric arteries.6-16 Only four of these reports,
including AbuRahma et al16 with 153 patients and three
smaller studies7,10,20 of 24, 39, and 46 patients, respec-
tively, exclusively analyzed patients with suspected CMS.
Because of its noninvasiveness, duplex imaging is stated
as the ﬁrst choice for the evaluation of the patency of the
origins of the CA and SMA in patients with suspected
CMS. In our patient cohort, the interpretability of duplex
ultrasound imaging of the CA and the SMA performed
by very experienced technologists was good in 68% of
patients and moderate in 14%. This is comparable with
other studies, with reported percentages ranging from
58% to 96% for the CA and from 46% to 100% for the
SMA.7-12,20 In hospitals with less experience and only occa-
sional testing, interpretability will likely not be as good.
Interpretability of the duplex result was better in women
than in men. This might be an anatomic issue, because the
female thorax has an arcus costalis with a more obtuse angle
that allows a better view through the liver. We also found
that when the interpretability of the duplex assessment
was moderate or poor, the number of patients with an
angiographically proven occlusion was higher compared
with patients with a good interpretable duplex assessment.
An occlusion was found in 19% of patients with a noninter-
pretable duplex and in 10% with a moderately interpretable
duplex compared with 6% when the duplex was of good
interpretability. Bowersox et al10 also failed to visualize
one-third of CA or SMA occlusions and one-half of the
stenosis by duplex ultrasound imaging. Perko et al7 found
Fig 4. Receiver operating characteristic (ROC) curve comparing
the peak systolic velocities (PSV) for the superior mesenteric artery
(SMA) with a 70% stenosis during expiration is shown. AUC, Area
under the curve; EDV, end-diastolic velocity.
Fig 5. Receiver operating characteristic (ROC) curve comparing
the peak systolic velocities (PSV) for the superior mesenteric artery
(SMA) with a 70% stenosis during inspiration is shown. AUC, Area
under the curve; EDV, end-diastolic velocity.
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of occluded arteries. An occluded CA or SMA origin is obvi-
ously more challenging to visualize and to recognize than
a normal or narrowed origin.
Some additional techniques have been examined to
increase the accuracy of the mesenteric duplex examina-
tion. Blebea et al12 showed an increase in interpretability
with the use of contrast-enhanced ultrasound imaging
(84% vs 72%). Gentile et al13 postulated the use of
combined normal fasting and postprandial scanning for
increased sensitivity and speciﬁcity. Other studies, however,
showed only marginal improvement in speciﬁcity and PPV
but not in overall accuracy; therefore, routine postprandial
testing is not recommended.11,18
This is the ﬁrst study to include the effect of respiration
on duplex criteria. The CA artery usually arises from the
aorta at the level of the 12th thoracic vertebra. External
compression by the median arcuate ligament or wrapping
by a muscle sling originating from the diaphragm pillars
may potentially be the reason for the clear alteration of
CA PSV and EDV during respiration. Seidl et al21 showed
the same effect of respiration on CA and SMA duplex
parameters in healthy individuals. During endoscopic CA
release,22 we observed in a few patients that the muscle
sling also wraps the SMA, explaining the increase in ﬂow
velocity during expiration in these patients. Stein et al23
also described this in a case report.
Respiration clearly inﬂuences cutoff values for the
different duplex parameters in patients with suspected
CMS. A signiﬁcantly higher PSV and EDV was found inthe CA during expiration than in inspiration. In the
SMA, the inﬂuence of respiration on the duplex parameters
was only signiﬁcant (P < .05) in the absence of stenosis.
We conclude that the inﬂuence of respiration on the duplex
parameters is largely caused by intermittent external
compression of the CA and rarely the SMA, but the change
of intra-abdominal pressure related to respiration could
also inﬂuence mesenteric blood ﬂow.24-26
The present study shows lower PPVs and NPVs
compared with previous studies. The main reason for the
difference is the varying prevalence of CMS in the distin-
guished reports. In the key reference study from Moneta
et al,9 CMS was suspected in only 13% of patients. Most
of the patients underwent abdominal aortic angiography
for symptomatic peripheral vascular disease. Thus, whether
the calculated PPVs and NPVs of the “Moneta duplex
criteria” were representative for patients with suspected
CMS can be debated. The present study, along with four
other studies7,10,16,20 that included only patients with sus-
pected CMS, represents a more accurate real-life situation.
AbuRahma et al found cutoff values of 320 cm/s for the
CA with a PPV of 84%, NPV of 86%, and accuracy of
85%. The highest accuracy of 73% in the present study
was at 280 cm/s for the CA during expiration. For the
SMA, the AbuRahma et al study found a cutoff of 400
cm/s with an accuracy of 84%. In the present study, the
highest accuracy of 85% for the SMA during expiration
was at 268 cm/s.
The present study provides criteria for the assessment
of the patency of the origin of the CA and the SMA in
JOURNAL OF VASCULAR SURGERY
Volume 57, Number 6 van Petersen et al 1611patients with suspected CMS. It is obvious that the effect of
respiration on duplex parameters must be taken into
account. It is essential to obtain measurements during expi-
ration as well as during inspiration. The lower sensitivity
and speciﬁcity found in our study put into perspective the
position of duplex imaging in the workup of patients
with suspected CMS. A limitation of the study is the
long period of intake. However, to obtain the current
number of patients, this seems inevitable.
CONCLUSIONS
Proper identiﬁcation of severely diseased SMA and
especially CA is still a tough proposition, even in experi-
enced hands. We recommend using duplex imaging as
a selection tool with a low threshold giving a higher
NPV and consequently a lower PPV.AUTHOR CONTRIBUTIONS
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Supplementary Fig 1 (online only). Peak systolic velocity (PSV;
cm/s) in the celiac artery (CA) is shown during inspiration (in) and
expiration (ex) in patients with and without 70% stenosis.Mean data
(horizontal line) are shown with 95% conﬁdence interval (whiskers).
Data of available paired data are shown (200 of 233), occlusions
were left out (n ¼ 10).
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Supplementary Fig 3 (online only). Peak systolic velocity (PSV;
cm/s) in the superior mesenteric artery (SMA) is shown during
inspiration (in) and expiration (ex) in patients with and without
70% stenosis. Mean data (horizontal line) are shown with the 95%
conﬁdence interval (whiskers). Data of available paired data are
shown (205 of 233), occlusions were left out (n ¼ 7).
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Supplementary Fig 2 (online only). End-diastolic velocity (EDV;
cm/s) in the celiac artery (CA) is shown during inspiration (in) and
expiration (ex) in patients with and without 70% stenosis. Mean data
(horizontal line) are shown with the 95% conﬁdence interval (whis-
kers). Data of available paired data are shown (199 of 233), occlu-
sions were left out (n ¼ 9).
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Supplementary Fig 4 (online only). End diastolic velocity (EDV,
cm/s) in the superior mesenteric artery (SMA) during inspiration
(in) and expiration (ex) is shown in patients with and without 70%
stenosis. Mean data (horizontal line) are shown with the 95%
conﬁdence interval (whiskers). Data of available paired data are
shown (201 of 233), occlusions were left out (n ¼ 6).
Supplementary Table I (online only). A, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% celiac artery (CA) stenosis during expiration; results of receiver operating characteristic (ROC) curve
analysis of peak systolic velocities (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA PSV expiration 70% 0.753 6 0.035 (0.689-0.809)
152 89.9 34.7 49.7 82.7 1.38 0.29
155 88.8 35.5 49.7 81.5 1.38 0.32
163 86.5 40.3 51.0 80.6 1.45 0.33
177 84.3 42.7 51.4 79.1 1.47 0.37
181 83.1 43.5 51.4 78.3 1.47 0.39
205 82.0 55.6 57.0 81.2 1.85 0.32
225 79.8 58.1 57.7 80.0 1.90 0.35
236 77.5 60.5 58.5 78.9 1.96 0.37
245 76.4 63.7 60.2 79.0 2.11 0.37
249 75.3 65.3 60.9 78.6 2.17 0.38
259 74.2 67.7 62.3 78.5 2.30 0.38
260 73.0 68.5 62.5 78.0 2.32 0.39
261 71.9 69.4 62.7 77.5 2.35 0.41
270 68.5 75.0 66.3 76.9 2.74 0.42
275 67.4 75.8 66.7 76.4 2.79 0.43
280 66.3 77.4 67.8 76.2 2.94 0.44
289 64.0 79.0 68.7 75.4 3.05 0.45
294 60.7 80.6 69.2 74.1 3.13 0.49
296 59.6 81.5 68.7 73.7 3.21 0.50
297 57.3 82.3 69.9 72.9 3.23 0.52
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table I (online only). B, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% celiac artery (CA) stenosis during inspiration; results of receiver operating characteristic (ROC) curve
analysis of inspiration peak systolic velocities (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA PSV inspiration 70% 0.764 6 0.041 (0.702-0.818)
153 86.8 31.7 28.7 88.3 1.27 0.42
155 84.9 32.9 28.7 87.3 1.27 0.46
182 83.0 46.7 33.1 89.7 1.56 0.36
192 81.1 50.3 34.1 89.4 1.63 0.38
225 79.2 61.1 39.3 90.3 2.04 0.34
244 77.4 67.7 43.2 90.4 2.39 0.33
251 75.5 68.3 43.0 89.8 2.38 0.36
265 73.6 71.9 45.3 89.6 2.61 0.37
272 71.7 77.2 50.0 89.6 3.15 0.37
274 69.8 77.8 50.0 89.0 3.15 0.39
280 67.9 78.4 50.0 88.5 3.15 0.41
281 66.0 79.0 50.0 88.0 3.15 0.43
290 64.2 80.2 50.7 87.6 3.25 0.45
293 62.3 80.8 50.8 87.1 3.25 0.47
311 60.4 85.6 57.1 87.2 4.20 0.46
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table I (online only). C, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% superior mesenteric artery (SMA) stenosis during expiration; results of receiver operating characteristic
(ROC) curve analysis of peak systolic velocities (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA PSV expiration 70% 0.862 6 0.053 (0.809-0.906)
178 95.0 57.0 18.6 99.1 2.21 0.09
182 90.0 59.1 18.6 98.3 2.20 0.17
220 85.0 74.6 25.8 98.0 3.35 0.20
229 80.0 77.7 27.1 97.4 3.59 0.26
268 75.0 85.5 34.9 97.1 5.17 0.29
280 70.0 87.0 35.9 96.6 5.40 0.34
309 65.0 90.2 40.6 96.1 6.60 0.39
353 60.0 95.3 57.1 95.8 12.87 0.42
392 55.0 97.4 68.7 95.4 21.23 0.46
425 50.0 99.0 83.3 95.0 48.25 0.51
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table I (online only). D, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% superior mesenteric artery (SMA) stenosis during inspiration; results of receiver operating characteristic
(ROC) curve analysis of peak systolic velocities (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA PSV inspiration 70% 0.876 6 0.048 (0.825-0.917)
154 95.7 65.3 24.4 99.2 2.76 0.07
156 91.3 65.8 23.9 98.5 2.67 0.13
169 87.0 71.9 26.7 97.9 3.10 0.18
171 82.6 72.4 26.0 97.3 3.00 0.24
205 78.3 84.2 36.7 97.1 4.95 0.26
235 73.9 87.8 41.5 96.6 6.04 0.30
277 69.6 92.9 53.3 96.3 9.74 0.33
395 47.8 98.0 73.3 94.1 23.43 0.53
407 43.5 99.0 83.3 93.7 42.61 0.57
449 39.1 99.5 90.0 93.3 76.70 0.61
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table II (online only). A, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% celiac artery (CA) stenosis during expiration; results of receiver operating characteristic (ROC) curve
analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA EDV expiration 70% 0.737 6 0.036 (0.672-0.795)
29 93.2 10.5 42.5 68.4 1.04 0.65
34 90.9 16.9 43.7 72.4 1.09 0.54
37 88.6 24.2 45.3 75.0 1.17 0.47
38 87.5 25.8 45.6 74.4 1.18 0.48
50 86.4 49.2 54.7 83.6 1.70 0.28
51 85.2 50.0 54.7 82.7 1.70 0.30
57 83.0 55.6 57.0 82.1 1.87 0.31
61 80.7 56.5 56.8 80.5 1.85 0.34
64 79.5 58.1 57.4 80.0 1.90 0.35
66 77.3 58.9 57.1 78.5 1.88 0.39
73 72.7 59.7 56.1 75.5 1.80 0.46
77 71.6 66.1 60.0 76.6 2.11 0.43
83 70.5 66.9 60.2 76.1 2.13 0.44
85 69.3 67.7 60.4 75.7 2.15 0.45
86 68.2 68.5 60.6 75.2 2.17 0.46
87 67.0 69.4 60.8 74.8 2.19 0.48
89 65.9 70.2 61.1 74.4 2.21 0.49
92 64.8 72.6 62.6 74.4 2.36 0.49
94 63.6 74.2 63.6 74.2 2.47 0.49
95 62.5 75.0 64.0 73.8 2.50 0.50
96 60.2 75.8 63.9 72.9 2.49 0.52
97 59.1 76.6 64.2 72.5 2.53 0.53
102 56.8 78.2 64.9 71.9 2.61 0.55
105 54.5 82.3 68.6 71.8 3.07 0.55
108 53.4 83.1 69.1 71.5 3.15 0.56
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table II (online only). C, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% superior mesenteric artery (SMA) stenosis during expiration; results of receiver operating characteristic
(ROC) curve analysis of end-diastolic velocity (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA EDV expiration 70% 0.876 6 0.052 (0.823-0.917)
27 94.7 47.1 15.3 98.9 1.79 0.11
29 89.5 51.3 15.6 98.0 1.84 0.21
42 84.2 75.7 25.8 97.9 3.46 0.21
45 78.9 79.4 27.8 97.4 3.83 0.27
101 73.7 96.3 66.7 97.3 19.89 0.27
107 63.2 97.4 70.6 96.3 23.87 0.38
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table II (online only). B, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% celiac artery (CA) stenosis during inspiration; results of receiver operating characteristic (ROC) curve
analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA EDV inspiration 70% 0.752 6 0.042 (0.689-0.808)
27 96.2 12.6 25.9 91.3 1.10 0.30
28 94.3 15.0 26.0 89.3 1.11 0.38
29 88.7 15.6 25.0 81.2 1.05 0.73
34 86.8 24.0 26.6 85.1 1.14 0.55
37 84.9 28.1 27.3 85.5 1.18 0.54
39 83.0 31.7 27.8 85.5 1.22 0.54
46 81.1 43.1 31.2 87.8 1.43 0.44
51 79.2 49.7 33.3 88.3 1.58 0.42
58 77.4 58.1 36.9 89.0 1.85 0.39
61 75.5 59.9 37.4 88.5 1.88 0.41
74 73.6 67.1 41.5 88.9 2.23 0.39
75 71.7 68.3 41.8 88.4 2.26 0.41
78 67.9 73.7 45.0 87.9 2.58 0.44
84 66.0 80.8 52.2 88.2 3.45 0.42
86 64.2 81.4 52.3 87.7 3.46 0.44
90 62.3 83.8 55.0 87.5 3.85 0.45
94 60.4 85.0 56.1 87.1 4.03 0.47
95 56.6 86.8 57.7 86.3 4.3 0.50
108 54.7 90.4 64.4 86.3 5.71 0.50
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table III (online only). A, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% celiac artery (CA) stenosis during expiration; results of receiver operating characteristic (ROC) curve
analysis of peak systolic velocities (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA PSV expiration 50% 0.765 6 0.032 (0.702-0.820)
152 89.3 39.6 62.1 76.9 1.48 0.27
155 88.4 40.6 62.3 75.9 1.49 0.29
156 87.5 40.6 62.0 74.5 1.47 0.31
163 86.6 46.5 64.2 75.8 1.62 0.29
172 85.7 47.5 64.4 75.0 1.63 0.30
176 84.8 48.5 64.6 74.2 1.65 0.31
181 83.0 49.5 64.6 72.5 1.64 0.34
187 82.1 55.4 67.2 73.7 1.84 0.32
203 81.2 61.4 70.0 74.7 2.10 0.31
205 80.4 62.4 70.3 74.1 2.14 0.31
225 78.6 65.3 71.5 73.3 2.27 0.33
235 76.8 67.3 72.3 72.3 2.35 0.34
242 75.0 68.3 72.4 71.1 2.37 0.37
245 74.1 70.3 73.5 71.0 2.49 0.37
248 73.2 71.3 73.9 70.6 2.55 0.38
259 71.4 74.3 75.5 70.1 2.77 0.38
261 68.7 75.2 75.5 68.5 2.78 0.42
268 66.1 80.2 78.7 68.1 3.34 0.42
279 61.6 81.2 78.4 65.6 3.27 0.47
289 58.9 83.2 79.5 64.6 3.50 0.49
294 56.2 85.1 80.8 63.7 3.79 0.51
296 55.4 86.1 81.6 63.5 3.99 0.52
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table II (online only). D, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 70% superior mesenteric artery (SMA) stenosis during inspiration; results of receiver operating characteristic
(ROC) curve analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA EDV inspiration 70% 0.878 6 0.047 (0.827-0.919)
27 91.3 58.6 21.0 98.2 2.21 0.15
29 87.0 64.4 22.7 97.6 2.44 0.20
34 82.6 75.9 29.2 97.3 3.43 0.23
52 78.3 92.7 56.3 97.3 10.68 0.23
68 73.9 96.3 70.8 96.8 20.17 0.27
76 69.6 97.4 76.2 96.4 26.57 0.31
110 47.8 98.4 78.6 94.0 30.45 0.53
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table III (online only). B, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% celiac artery (CA) stenosis during inspiration; results of receiver operating characteristic (ROC) curve
analysis of peak systolic velocities (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA PSV inspiration 50% 0.721 6 0.037 (0.657-0.779)
153 84.3 34.3 43.8 78.3 1.28 0.46
155 83.1 35.8 43.9 77.8 1.29 0.47
162 81.9 38.7 44.7 77.9 1.34 0.47
182 80.7 51.8 50.4 81.6 1.68 0.37
188 78.3 53.3 50.4 80.2 1.68 0.41
192 77.1 54.7 50.8 79.8 1.70 0.42
196 75.9 56.2 51.2 79.4 1.73 0.43
202 74.7 59.1 52.5 79.4 1.83 0.43
215 73.5 60.6 53.0 79.0 1.86 0.44
221 72.3 63.5 54.5 79.1 1.98 0.44
225 71.1 65.0 55.1 78.8 2.03 0.45
235 69.9 66.4 55.8 78.4 2.08 0.45
238 68.7 69.3 57.6 78.5 2.24 0.45
243 67.5 70.8 58.3 78.2 2.31 0.46
263 62.7 74.5 59.8 76.7 2.45 0.50
269 59.0 76.6 60.5 75.5 2.53 0.53
272 56.6 78.8 61.8 75.0 2.68 0.55
274 55.4 79.6 62.2 74.7 2.71 0.56
280 54.2 80.3 62.5 74.3 2.75 0.57
281 53.0 81.0 62.9 74.0 2.79 0.58
291 50.6 82.5 63.6 73.4 2.89 0.60
294 49.4 83.2 64.1 73.1 2.94 0.61
304 47.0 84.7 65.0 72.5 3.07 0.63
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table III (online only). C, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% superior mesenteric artery (SMA) stenosis during expiration; results of receiver operating characteristic
(ROC) curve analysis of peak systolic velocity (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA PSV expiration 50% 0.869 6 0.047 (0.816-0.911)
178 96.0 58.5 23.5 99.1 2.31 0.07
182 92.0 60.6 23.7 98.3 2.34 0.13
197 88.0 69.1 27.5 97.7 2.85 0.17
220 84.0 76.1 31.8 97.3 3.51 0.21
229 80.0 79.3 33.9 96.8 3.86 0.25
239 76.0 81.4 35.2 96.2 4.08 0.29
268 72.0 86.7 41.9 95.9 5.41 0.32
280 68.0 88.3 43.6 95.4 5.81 0.36
309 64.0 91.5 50.0 95.0 7.52 0.39
322 60.0 93.6 55.6 94.6 9.40 0.43
335 56.0 94.7 58.3 94.2 10.53 0.46
353 52.0 95.7 61.9 93.7 12.22 0.50
392 48.0 97.9 75.0 93.4 22.56 0.53
425 40.0 98.9 83.3 92.5 37.60 0.61
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table III (online only). D, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% superior mesenteric artery (SMA) stenosis during inspiration; results of receiver operating characteristic
(ROC) curve analysis of peak systolic velocity (PSV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA PSV inspiration 50% 0.871 6 0.047 (0.819-0.912)
154 92.0 65.5 25.6 98.4 2.66 0.12
156 88.0 66.0 25.0 97.7 2.59 0.18
169 84.0 72.2 28.0 97.2 3.02 0.22
171 80.0 72.7 27.4 96.6 2.93 0.28
205 76.0 84.5 38.8 96.5 4.91 0.28
235 72.0 88.1 43.9 96.1 6.07 0.32
277 68.0 93.3 56.7 95.8 10.15 0.34
373 52.0 97.9 76.5 94.1 25.22 0.49
395 48.0 98.5 80.0 93.6 31.04 0.53
407 44.0 99.5 91.7 93.2 85.36 0.56
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table IV, (online only). A, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% celiac artery (CA) stenosis during expiration; results of receiver operating characteristic (ROC) curve
analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA EDV expiration 50% 0.756 6 0.033 (0.693-0.812)
28 96.4 12.9 54.9 76.5 1.11 0.28
32 92.8 17.8 55.4 69.2 1.13 0.40
34 91.0 18.8 55.2 65.5 1.12 0.48
37 88.3 26.7 57.0 67.5 1.21 0.44
38 87.4 28.7 57.4 67.4 1.23 0.44
48 85.6 50.5 65.5 76.1 1.73 0.29
50 84.7 55.4 67.6 76.7 1.90 0.28
51 83.8 56.4 67.9 76.0 1.92 0.29
55 82.0 58.4 68.4 74.7 1.97 0.31
57 81.1 62.4 70.3 75.0 2.16 0.30
61 79.3 63.4 70.4 73.6 2.16 0.33
64 78.4 65.3 71.3 73.3 2.26 0.33
66 76.6 66.3 71.4 72.0 2.27 0.35
73 73.0 67.3 71.1 69.4 2.23 0.40
77 68.5 71.3 72.4 67.3 2.38 0.44
83 67.6 72.3 72.8 67.0 2.44 0.45
85 66.7 73.3 73.3 66.7 2.49 0.45
86 65.8 74.3 73.7 66.4 2.55 0.46
87 64.9 75.2 74.2 66.1 2.62 0.47
90 62.2 76.2 74.2 64.7 2.62 0.50
92 61.3 77.2 74.7 64.5 2.69 0.50
93 60.4 78.2 75.3 64.2 2.77 0.51
95 58.6 79.2 75.6 63.5 2.82 0.52
96 56.8 80.2 75.9 62.8 2.87 0.54
97 55.9 81.2 76.5 62.6 2.97 0.54
100 54.1 82.2 76.9 61.9 3.03 0.56
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table IV (online only). B, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% celiac artery (CA) stenosis during inspiration; results of receiver operating characteristic (ROC) curve
analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
CA EDV inspiration 50% 0.687 6 0.038 (0.622-0.748)
27 92.8 12.4 39.1 73.9 1.06 0.58
28 91.6 15.3 39.6 75.0 1.08 0.55
29 88.0 16.1 38.8 68.7 1.05 0.75
30 86.7 19.0 39.3 70.3 1.07 0.70
34 85.5 25.5 41.0 74.5 1.15 0.57
35 84.3 26.3 40.9 73.5 1.14 0.60
37 83.1 29.9 41.8 74.5 1.19 0.56
39 79.5 32.8 41.8 72.6 1.18 0.62
46 75.9 45.3 45.7 75.6 1.39 0.53
51 74.7 53.3 49.2 77.7 1.60 0.47
55 69.9 56.9 49.6 75.7 1.62 0.53
58 68.7 60.6 51.4 76.1 1.74 0.52
61 66.3 62.0 51.4 75.2 1.75 0.54
64 65.1 64.2 52.4 75.2 1.82 0.54
70 63.9 67.9 54.6 75.6 1.99 0.53
74 62.7 69.3 55.3 75.4 2.04 0.54
75 61.4 70.8 56.0 75.2 2.10 0.54
76 59.0 71.5 55.7 74.2 2.07 0.57
78 55.4 75.2 57.5 73.6 2.23 0.59
82 54.2 78.8 60.8 74.0 2.56 0.58
83 53.0 81.0 62.9 74.0 2.79 0.58
84 50.6 81.8 62.7 73.2 2.77 0.60
89 47.0 83.2 62.9 72.2 2.80 0.64
90 45.8 83.9 63.3 71.9 2.85 0.65
94 44.6 85.4 64.9 71.8 3.05 0.65
95 42.2 87.6 67.3 71.4 3.40 0.66
100 41.0 89.1 69.4 71.3 3.74 0.66
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
Supplementary Table IV (online only). C, Duplex parametersa in patients suspected of chronic mesenteric syndrome
(CMS) with a 50% superior mesenteric artery (SMA) stenosis during expiration; results of receiver operating characteristic
(ROC) curve analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA EDV expiration 50% 0.862 6 0.049 (0.808-0.906)
27 91.7 47.8 18.6 97.8 1.76 0.17
29 87.5 52.2 19.3 97.0 1.83 0.24
42 83.3 77.2 32.3 97.3 3.65 0.22
45 79.2 81.0 35.2 96.8 4.16 0.26
62 70.8 93.5 58.6 96.1 10.86 0.31
82 70.8 95.1 65.4 96.2 14.48 0.31
101 66.7 97.3 76.2 95.7 24.53 0.34
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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Supplementary Table IV (online only). D, Duplex parametersa in patients suspected of having chronic mesenteric
syndrome (CMS) with a 50% superior mesenteric artery (SMA) stenosis during inspiration; results of receiver operating
characteristic (ROC) curve analysis of end-diastolic velocities (EDV)b
Duplex AUC (95% CI) Sensitivity Speciﬁcity PPV NPV þLR LR
SMA EDV inspiration 50% 0.864 6 0.048 (0.811-0.907)
27 88.0 58.7 22.0 97.4 2.13 0.20
29 84.0 64.6 23.9 96.8 2.37 0.25
34 80.0 76.2 30.8 96.6 3.36 0.26
45 76.0 89.9 50.0 96.6 7.56 0.27
52 76.0 93.1 59.4 96.7 11.05 0.26
68 72.0 96.8 75.0 96.3 22.68 0.29
76 68.0 97.9 81.0 95.9 32.13 0.33
110 48.0 98.9 85.7 93.5 45.36 0.53
AUC, Area under the curve; CI, conﬁdence interval; þLR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value.
aOnly duplex good interpretable results included.
bOcclusion included.
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